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(57) [Abstract] (revision included) 

[Object] To provide a new polymorphism analysis method c.:ip:thle c*:" ;ina!yzmg a muitiple number of specimens at 
the same time even when usiiig only one tluorescence dye. 
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[Means for Accomplishing tlie Object] In the poiymorphism analysts method in v/tuch a niixrure of two kinds of 
primers and DNA speciinens is amplified by the PGR technique, the nuorescence-laneIt?d, ampiiried prcTtluct thus 
obtained is injected into the electrophoresis lane of a nuorescence sequencer gel eiectrophoresLs plate for 
electrophoresis to allow fhe product to migrate in the geJ electrolyte layer, the migrated r1uore.vcence-Iabeitxi 
amplified product is irradiated with an excitation light, the tluorescence emitted from :he product is measured to 
form a ladder pattern of the nucleic acid specimens being analyzed and the formed ladder putiern is compared with 
the standard pattern, more than one but less than the number of bases ecual to that of the bases constituting the said 
multiple pattern region ininus one are added to the said nonnuorescence-Iabcled primer, this r;isc;-added primer is 
used to form a' PGR amplified product and this product together with the PCR am.piiHcd prccjor obtained with the 
use of the original priiner without added bases are subject to electrophoresis for analyzmg more than two kinds of 
species at the same time. 
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[Scope of the Patent Claims] 

[Claim i] Polymorphism analysis method, characterized in that in the polymorphism analyBis method in which one 
of the two kinds of primcrH used in the anrily.si.s that have been dasigned to .sandwich the specific polymorphic 
region of the DNA specimen to be analyzed is labeled with a single fluorescence dye, a mixture of this fluorescence 
dye-labeled primer, the notitluore.scence-labeled primer and the DNA specimens is amplified by the PCR technique, 
the tluorescence-labeied amplified product thus obtained is injected into the electrophoresis lane of a fluorescence 
sequencer gel electrophorej^is piate for electrophoresisi to allow the product to migrate in the gel electrolyte layer, 
the migrated fluorcscence-labeied amph'fied product is irradiated with an excitation light, the fluorescence emitted 
from the product is measured to form a ladder pattern of the nucleic acid specimen being analyzed and the formed 
ladder [Jattern is compared with liie standard pattej-n of tlie allelic ladder size marker that can be used as the 
standard having the same polymorphic region as that mentioned above to detect the number of repeats of the 
polymorphism of the DNA specimen being analyzed, more than one but less than the number of bases equal to that 
of the bases constituting the said polymorphic region minus one are added to the said nonfluorescence-labeled 
primer, this base-added primer is used to form a PCR amplified product and this PCR amplified product obtained 
from the base-added primer together with the PCR amplified product obtained with the tise of the original primer 
without added bases are subject to electrophoresis for analyzmg u^ore than two kinds of species at the same time. 

[Claim 2] Polymorphism analysis method in accordance with claim 1, in which the polymorphic region of THOl 
made of four connected bases of [AATG] is used as the allelic ladder size marker and one to three bases are added 
to the primer for analyzing four kinds of specimens at the same time. 

[Detailed DcvScription of the hivciitiouj 

(0001 J 

[Field of Indiustriul Application] The present invention pertains to a fragment analysis method for making a 
multiple sample treatment possible in the analysis of tlie fragment length of nucleic acids such as DNA. More 
specifically, the present invention pertains to a polymorphism analysis method that makes multiple analyses in the 
same base pair (bp) size region ])ossihle in the analysis of the fragment length of DNA in a fluorescence type 
fragment analyzer. 

[0002] 

[Prior Art] The information (hat can be ofMained from the functional analyses of DNA is numerous. For example, 
by knowing the base sequence of the characteristic genes made of adenine (A), guanine (G), thymine (T) and 
cytosine (C), identification or determination of species will become possible. These functional analyses can be 
carried out with the use of a thiorescence type sequencer. 

[0003] I: has been shown that repeats of specific ba.se tandems are present in the base sequence in animals as well 
as in ph\ntH. The number of these repeats varies in each individual and this phenomenon is called ** polymorphism. " 
The repeat involving a short base tandem (about 2-5 bp) is called STR (short tandem repeat) and the method for 
identifying tlie species or determining the individual by the sequences of these 2-5 bp is culled an STR method. 

[0004] For example, for the identification of individual human beings, the polymorphic regions consisting of the 
four-base sequence [AATG] called THOl are used. In this method, the region including the polymorphic part is 
labeled with a tluorescence marker and amplified by the PCR method and then detected by a tluorescence 
.sequencer equipped with an electrophoresis nieaa, In this way, several patterns can be separated based on the 
difference in the electrophoresis velocity (degree of migration) of DNA fraiJU^ents due to the different numbers of 
repeats m the polymorphic region. 

[0005] The human gene consists of two sets of chromosomes (44 autosomes and 2 sex chromo.souies), one set (22 
autosomes and 1 sex chroniosomes) from the father and one set from the mother. For example, if there arc 5 
repeats and 9 repeats in the base repeat region called lAATG] (namely, -AATGAATG AATGAATGAATG- and - 
AATGAATGAATGAATGAATGAATGAATGAATGAATG-, respectively) from the lather and 6 and 10 repeats 
from the mother, then their child should have any one type of repeat regions of 5- 6» 5-10, 9-6 and 9-10. The 
determination of parentage, etc. can be achieved by identifying the patterns such as those mentioned above. For 
the identification of an mdividual, examination of a multiple number of the regions such as those mentioned above 
can increase the probability of confirnung that individual. 


3 


2024)63 


25-1315 


[0006] Figure 2 shows one example of ladder pattern.s obtained fjoin the dw^lei ininatuir. of i^ucntage using the allelic 
ladder marker of THOl. The allelic ladder marker of THOl itseif is well known. It iuis hocn inarkcte'd fo~r general 
use by Promega Co, of the United States as one of the GenePrint STR Systems'. The rluoiescence-iabeled primer, 
which is so designed that the poly inoq-)hic region of THOl i.s sandwiched between !he ivisic DNA obtained from the 
parents and their child, is amplitled by the PCR method. The tluorescence^hihLjled ampiified pioducts are injected 
into each electrophoresis lane of the gel electrophoresis plate of a lluoresctinLe se(.[L:enL-t:r tor electrophoresis to 
obtain ladder patterns such as those shown in Figure 2, VI denotes tlie ailelic iaddcr :n:u-kcr that can be used as the 
standard and the numerals on the left indicate the number of repeats of t!ie polymorpliism. Tb.ese ladder patterns 
reveal that the sample from the father injected into lane I gives a pattei'n ot 5 and 0 repeats, tlie sample from the 
mother injected into lane 2 ^^ives a pattern of 6 and 10 repeats ar;d the sanifWc from the child injected into lane 3 
gives a pattern of 9 and 6 repeats. These results, therefore, contlrmed gcnt:ttcally the presence of a parent and 
child relationship between theni. 

[0007] In the case of the identitlcation of an individual, it is necc^ssary to awvy cui tlie same type of analysis on 
other polymorphic regions in order to ensure the reliability of identification. }-(^r example, ihe p-olymorphic region 
of F13B has been used together \yith the polymorphic region of THOJ ;n tnii identification of an mdividuaJ. The 
polymorphic rei^ion of F13B contains the tandem bases made of [AAAT], However, the s:/.c of ihc allelic ladder 
having the polymorphic region of THOl is in the range of 179-203 bp, wh.ile ihe si/.c of the aiiclic ladder having 
the polymorphic region of F13B is in the range of 169-189 hp; the nun^iiers of kncnvn repL'a:s of the polymorphic 
region of THOl are 5, 6, 7, 8, 9, 9. 3, 10. 11 and the numbers of known repeats of the p(;!ym:.)rpbtc region of 
F13B are 6, 7, 8, 9, 10, IK Therefore, when these two polymorphic regions ai'c used for the identifkation of an 
individual, an overlap part may occur in the ladder pattern ofitaincif, 

[0008] Therefore, in the prior-art polymorphism analysis using a lluotcscence seLpienc^jr, each primer with 
polymorphic region is labeled with various fluorescence dyes having different excitation wavelengths. Because 
different fluorescence dyes are used to label each primer, the wavelengths of fluorescence emctted from each primer 
are different. The data corresi)onding to each fluorescence wavelciigth are assigned, e.g., with a green color and a 
red color and the data obtained are displayed on a CRT screen by a green color and a red color or are output by a 
color printer. In this way, it is possible to accurately determine to wlnci) poly;no;f'h:c region each of the obtained 
ladder patterns belongs even though the ladder patterns may overlap t^cc:,use the bp sizes ot '^NA fragments are the 
same. 

[0009] Hovvever, when a nuiltijiie number of fluorescence dyes are used, tb.e iluoresccnce scLiuencer used in the 
analysis itself has to be equipped with excitation light sources, the nun^.iuu' of w iiich sliould correspond to the 
number of fluorescence dyes used, or a multiple numl'ter of band-path filters for separrtting a n^xultiple number of 
fluorescence wavelengths. Installation of a multiple nuniber of excitation .ight sources or band-path filters is not 
desirable because it will make the structure of the bght source system and the liyiit receivini' system of the 
fluorescence sequencer complicated and will increase the siz.e of the wh(.)lc des'ice. In additioii, the cost of the 
sequencer will increase dramatically. 

[0010] 

[Object of the Inventioul Therefore, the object of the present mvention is U) piovicie a new pniymorphism analysis 
method wuh which a multiple number of specimens can be anaiyzeJ at tlie .-amc time vv;th fnc use of only a single 
fluorescence dye. 

[0011] 

[Means for Accomplishing the Object] The object mentioned above can ho accomplished wnii the use of the 
polymorphism analysis method, characterized in that in the polymorpliism inetl:od in which one of the two kinds ot 
pruncrs used in the analysis that have been designed to sandwicli the specific polymorphic region of the DNA 
specimen to he analyzed is labeled with a single flvuirescence dye, a mixtunj of tins tluorescence dye-labeled 
primer, the nonfluorescence-labeled primer and the DNA specimens is ampiified by the PCR technique, the 
tluorescence-labeled amplified product thus obtained is in;ccted into t!ie dcctroplioresis lane of a fluorescence 
seuuencer gel electrophoresis plate for electrophoresis to allow tl;c product to ir.ii^rare m the gel electrolyte layer, 
the migrated fluorescence-labeled amplified product is irradiated \Mth an excitiition iiiiht. the thiorescence emitted 
from itie product is measured to form a ladder pattern of the nucleic acid specimen bcmg imaiyzed and the formed 
ladder pattern is compared with the standard pattern of the allelic ladder size marker tiiat can be used as the 
standard having the same polymorphic region as tliat mcntior.cd above to cctcct the number of repeats of the 
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polymorphism of the DNA specimen being analyzed, more than one but less than the number of bases equal to that 
of the bases constituting the said polymorphic region minus one are added to the said iiontluorescence^abeled 
primer, this base-added primer is used to form a PCR amplified product and this PGR amplified product obtained 
from the base-added pr'imer together with the PCR amplified product obtained with the use of the original primer 
without added bases are sul^ject to electrophoresis for analyzinii more than two kinds of species at the same time. 

[00121 

(Embodinient of Implementation of the Invention] When the po!ymor*phic region of, e.g., THOI is used as the 
standard allelic ladder size marker, since this polymorphic region is made of four bases [AATG], one, two or three 
bases may be added to the primer (o be used for the PCR method in the present invention. In this way, four kinds 
of primers including the original prinier without added base can be used to simultaneously analyze four specimens. 

[0013] The PCR technique itself for producing the PCR amplified product needed for use in the polymorphism 
analysis method of the present invention is well known in this tield of studies. Figure 3 is a schematic drawing for 
explaining the principle of the PCR technique. First of all, the target DNA specimen to be analyzed is prepared in 
step 1. The DNA specimen can be obtained from any human materials such as hair, nails, skin, blood, 
lymphocytes, etc. Next, in step 2, two kinds of primers ai>propriate for the two strands of the target DNA (e.g., 
oligonucleotides of about 20mer) are selected. They are mixed and subject to heat dcnaturation and annealing 
treatments to carry out DNA synthesis. The DNA synthesized by the dcnaturation and annealing treatments is 
converted to two single strands through the Taq polymerase reaction (step 3). Thereafter, the heat denaturation, 
annealing and Taq polymerase reactions will proceed merely by changing the temperature (step 4). This step is 
repeated n times. Theoreticaliy, the number of DNA will double in each step. Therefore, after the completion of 
n steps, the number of DNA to be analyzed will be amplified by 2" times to obtain the amplified product (step 5). 

[0014] Primers for the formation of the PCR amplified product needed for use in the polymorphism analysis 
method of the present invention that are suitable for various polyinorphic regions are available commercially from 
Promega Co. of the United States as the GenePrint STR systems. Therefore, in the actual analysis, the primer 
synthesizing kit suitable for each of various polymorphic regions is purchased from the Promega Co. and the DNA 
specimen to be analyzed is mixed with this synthesizing kit to carry out the PCR process. In this way, the desired 
DNA amplified product can be obtained easily, 

[0015] The addition of 1-3 ba.ses to the primer in order to change the size of the primer can be achieved easily with 
the use of a commercial iy available DNA synthesi7,er. Such a DNA synthesizer that can be used in the present 
invention includes, e.g., the Cyclon (registered brand name) Plus DNA/RNA Synthesizer manufactured by 
Miliipore Co. of the United States. The base can be added to one or both primer I and primer 2. From an 
economical standpomt, however, it is desirable to add the base only to primer i because primer 2 is to be used for 
adding a tluorescence label. Of course, the base may be added to prinier 2 and the fluorescence dye is added to 
primer 1. There is no specific restriction as to the type of bases used for the addition but it is desirable that the 
base u.sed is selected from among the DNA constituting bases of A, T, C and G. It is also desirable that the 
addition of bases will not result in the formation of a base sequence identical to that of a known polymori*Jhism. 

[0016] The addition of a tluorescence dye to primer 2 can be achieved easily with the use of a commercially 
available DNA synthesizer. Such a DNA synthesizer includes, e.g., the said Cyclon Plus DNA/RNA synthesizer. 
For example, when the DNA synthesizer is to be used for syiUhesizing jKimer 2, first of all, an amino group is 
added to the tormina! part (namely, the 5' side or the 5' terminal) of primer 2 and then a tluorescence dye is 
chemically bonded to this position. The DNA synthesizer can al.so be used to add the amino group to the 5' 
terminal of primer 2. There is no specific restriction as to the type of tluorescence dyes that can be used in the 
present invention. When a laser beam is to be used to excite the tluorescence dye, the combination of the 
excitation wavelength of the laser beam and the emission wavelength of the fluorescence dye should be taken into 
consideration in the selection of the tluorescence dye. The fluorescence dyes that can be used in the present 
mvention mclude, e.t'., Hutirescein isothiocyanate (FITC), eosin isothiocyanate (EITC), tetramethyl rhodamine 
isothiocyanate (TMRITC), substituted rhodanune isothiocyanate (XRITC), sulforhodamine 101 acid chloride 
(marketed under the ccunmerciai brand name of "Texas Red"), etc. When the He-Ne laser with a wavelength of 
615 nm is to he used as the source of the excitation light, it is desirable that the tluorescence dye used is **Texas 
Red" with maximum ex citatum wavelength at 596 nm and the max f nut m emission wavcieagth nt 615 nm. When 
the argon ion laser with wavelength at 488 nm is to be used, ii is desirable ih'Ai the fluorescence dye used is FITC. 
A chemical phosphorescent agent may alst) be used as long as its use will not interfere with the hybridization of the 
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primer and the DNA chain (PCR produt^t) or will not interfere with the elongatioii reaction in the direction of the 3' 
termiriLil by a polymerase. 

[0017] The allelic ladder size marker standards having various polynKJipiiic regions are also available commercially 
as the PCR amplified product and are marketed together with the said primer syiit[iesiz:r.,L' kit. Therefore» it is not 
necessary to subject the marker itself to the amplification formation treatment i^,y tlie ?CR tcchi:ique. However, 
when the primer with added bases is to be used* it is necessary to use tiie aiiclic ladder size marker of the PCR 
amplified product formed from the base added primer as the standard. ;n contrast, when tlie original primer 
without the added hase is to be used, it is necessary to use tfie allelic iadJer size marker of the PCR ampliHed 
product formed from the original primer as the standard. 

[0018] In gel electrophoresis, substances with about the same molecular wciglu \vill have about the same degree of 
migration. Therefore, the to-be-analyzed DMA fragment having about tl^c same numi^er of hp as that of each 
fraction of the marker will give the migration pattern (ladder pattern) ahout t!ie same as tiiat of each fraction of the 
marker. The number of hase pairs (bp number) of each ladder image fraction of the allelic ladder size marker 
shown by M in Figure 2 is known and the number of repeats of ific poiyniorplusm (e.i:., [AATG]) in that fraction 
is also known. Consequently^, the ladder fraction of the to-be-analyzcd DNA {VaLZU'cnt located at the position 
identical to that of the ladder fraction part of the allelic lackler size marker ^taiidard having a s[)ecified number of 
repeats will have the same o'amber of repeats as tluit of tl-e marker. In tn;s way, die polymoi phism analysis of the 
to-be-analyzed DNA fragment can be carried out, 

[0019] As for the tluoresceiice sequencer itself needed for implementation til'tiie polymorpiiism analysis procedure 
of the present invention, any well-known sequencer may be u.sed. Such sequencers include, e.g., the device 
described in Patent Disclosure No. Hei 7-[ 1995]~98,276. A specified amount of tiie nuoresccnce-labeied PCR 
amplified product of the allelic ladder size marker standard and a specified amount of th.e tluorescence-labeled PCR 
amplified product of the to-be-analyzed DNA specimen are injected into th.e concave part at tiie upper end of each 
electrophoresis lane of the gel electrolyte layer in the electrophoresis j^late of th.c said device. A voltage is applied 
to the said electrolyte layer to allow each of the tluorescencc-labclcd PCR ar^ipiificd products mentioned above to 
migrate. The migrated amplified products are irradiated w;th laser beams at th.e [positions away from the said 
concave part by a certain distance. The fluorescence ennttec from the prcuiiict is received by a fluorescence 
detection mean and the input light signal is output as a ladder pattern. The ladder pattern of the Huorescence- 
labeled PCR amphlied product of the allelic ladder size marker standard tiitd :he hiddcr pattern of the tluoresccnce- 
iabcled PCR an^plified product of the to-be-analyzed DK'A specimen a: e compar^id and the number of repeats of the 
polymorphism is analyzed. 

[00201 

[Actual Examples] The polymorphism analysis method of the present uv. L*mion is explained specifically below with 
the use of actLtai examples. 

Actual Hxample I 
Object of the Fxperiment 

An experiment for the deternuntition of parentage was carried out by cxanvjiing the number of repeats of the THOl 
polymorphic region made of the tandem ba.se of lAATGJ. 

[0021] Ste p 1: Extraction of DNA Specinien 

Chrom.osomal DNA specimens extracted from human peripheral lymphocytes of three test snhjccts were purified 
and subject to the procedures described below. 

[00221 Step 2: Amplification, Extraction and Purification or" the Tan'ot nNAj ie:ji.on 

For the amplification of the region contanung THOl polymorphism, the heat-tesisiant enzyme Taq polymerase was 
used and the PCR technique was used for the amplification. The printers u.-cd :n the PCR amplification were 
prepared with the use of the Cyclon Plus DNA/RNA syiitliesi/ur. 
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Primer I: 

5*-GTGGGCTGAAAAGCTCCCGATTAT-3' 
Primer 2: 

5'-*ATTCAAAGGGTACTCGGGCTCTGG-3 ' 
(* in primer 2 denotes a tlitoreseence dye made of Texas Reel) 

The primers 1 and 2 at a concentnition of 7 picomoles each, the chromosomal DNA in a quantity of 10-50 ng and 
Taq polymerase in a quantity of" 2 units were mixed and a buffer with the optimum concentration was added to 
make the fmal volume of the mixture to be 50 fj.L, This mixture was subject to the PGR annplificatjon process. 
The PGR cycle described below was carried out. One cycle included the following reactions: 
Dissociation reaction: temperature 94**C, reaction time 60 seconds 
Annealing reaction: temperature 58 °C, reaction time 45 seconds 

Elongation reaction: temperature 72*C, reaction time 45 seconds 

Thirty cycles were carried out. The PRC product obtained by this amplification reaction was a double stranded 
DNA with its entire length made pf 179-203 bp. Primer 2 was labeled with a fluorescence dye and thus the 
amplified PGR product obtained should also be labeled with the Huorescence dye. 

[0023] Step 3: Separation and'Detection of DNA Frairments 

A SQ-5500 (laser beam source: helium neon htser) available commercially from Hitachi Denshi Engineering Co. 
was used to subject the tluorescence-iabeled PCR amplified product obtained in said step 2 as well as the 
fluorescence-labeled allelic ladder size n^arker standard of the THOI polynK)rplnc reizion to the gei electrophoresis 
analysis under the following conditions: separation j^ath of fragment 200 mm, 5% Long Ranger Gel, applied 
voltage 1000 volts and TBE buffer (a solution mixture consisting of 0.09 mot of Tris, 0.09 moi of boric acid and 
0.002 moi of EDTA, pH 8.0). The detected ladder piitterns are shown in Figure 1. 

[0024] Step 4: Addition of Bases to the Primer 

The Beckman DNA synthedz^v was used to add two bases of AT to the 5' terminal of primer 1 used in said step 2 
to synthesize the primer with the following sequence: 5^-ATGTGGGCTGAAAAGCTCCCGATrAT-3\ 

[0025] Step 5: Preparation of the Standard Allelic Ladder Si7.e Marker U.sine the Base-added Primer 

The base-added primer 1 obtained from step 4 and the fhiorescence-dye-added primer 2 obtained from step 2 were 
used to prepare the Muorescence-labeled PCR amplified product for use as the standard allelic ladder size marker, 
using the PCR method explainerl in step 2. 

(0026] Step 6: Amplification. Extraction and Purification of the Tar^^et DNA Region UsinL^ the Base-added Primer 

The base-added primer obtained trom step 4 and the tluorescence-added primer 2 obtained from step 2 were u.sed to 
prepare the fluorescence- labeled PCR amplified product of the target DNA region to be analyzed, using the PCR 
method described in step 2. 

[0027] Step 7: Separation and Detection of DNA Fragments 

Separation and detection of the DNA fragments were carried out according to the procedure de.scribed in step 4, 
The detected ladder patterns together with the ladder patterns obtained from step 4 are shown in Figure L In 
Figure I, the allelic ladder marker in step 4 is indicated by "M'' and "M^'^ indicates the allelic ladder marker in 
step 7, The results sihown in Figure 1 indicate that adding two bases to the primer used in the PCR method could 
produce significant differences in tlie migration pattern compared with the migration of the ladder pattern ot the 
amplified product using the original pnmer. In this way, two kinds of specimens could be analyzed simultaneously 
usmg only one single fluorescence dye, 

[002S] 

[Effect of tlie Invcntiun] As explained above, in the present invention, the addition of bases to the primer can 
produce a molecular weight difference hetwccji the PCR amplified j->roduct of the original primer and the amplified 
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product of the ba.stj-aclded primer and hence the ditYerence in the degree of their electrophoresis migrations. la this 
way, different ladder patterns of electrophoresis can be obtained and the simultaneous analysts of two4:inds of 
specirnens can be achieved with high resolution even with the use of a single fluorescence dye. 

[0029] Since only one kind of fluorescence dye is used, the structures of the excitation light source and the light 
receiving system can be simplified. Furthermore^ there is only one kind of fluorescence to be detected and thus the 
process for the separation of fluorescence by physical filter or software heconies unnecessary. In addition, it 
becomes possible to determine the size of all gene loci with high accuracy using a commonly used monochromatic 
$iue marker. 

[Brief Description of the Figures] 

[Figure i] Ladder patterns showing the gel electrophoresis migration states of the PCR amplilled product in Actual 
Example 1 and the standard allelic ladder size marker. 

[Figure 2] Ladder patterns showing one example of polymorphism analyses that can be used in the determination of 
parentage, * 

[Figure 3) A schematic diagram used to explain the principle of the PCR technique. 
[Figure 1] 
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